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ABSTRACT 

Objective: To assess the impact of Nasoalveolar Molding (NAM) on weight change in infants 

born with cleft lip and/or cleft palate (CL/P) until age of 6 years. 

Design: A retrospective chart review was conducted of infants with CL/P to compare 

longitudinal weight change of infants treated with NAM (+NAM) or not treated with NAM (-

NAM) prior to the primary lip surgery. In addition, a healthy non-cleft control sample (C) was 

collected. 

Setting: Doernbecher Children’s Hospital, Oregon Health & Science University, Portland, 

Oregon 

Patients, Participants: From the craniofacial clinic database, consecutively presenting infants 

with more than 5 longitudinal weight records born with a non-syndromic CL/P were evaluated, 

beginning in 2008, until a sample size of 40 treated infants, and 40 untreated infants was met.  

From the Doernbecher pediatric department database a non-cleft control group of 40 infants 

was selected from consecutive births.  

Interventions: Weight measurements were obtained from the charts of CL/P and control 

subjects. 

Main Outcome Measures: The weight gain observed in each population group was compared 

to determine if +NAM subjects demonstrated differences in weight gain compared to -NAM 

subjects, using a C group as a baseline. 

Results: The weight gain observed was greatest in the C Group, followed by both the +NAM and 

-NAM group. There was no statistically significant difference in weight gain or weight gain 
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percentage between the +NAM and -NAM groups. Additionally the +NAM and -NAM infants 

demonstrated greater weight rebound up to 9 months of age when compared to the control 

group.   

Conclusions: There is no statistically significant difference in weight gain between +NAM 

patients and -NAM patients, indicating NAM therapy has no effect on weight gain. Control 

patients demonstrate the greatest overall weight gain.  

Key Words: Cleft Lip and/or Cleft Palate (CL/P), Unilateral Cleft Lip and/or Palate (UCL/P), 

Bilateral Cleft Lip and/or Palate (BCL/P), Nasoalveolar Molding (NAM). Pre-surgical infant 

orthopedics (PSIO)  
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Introduction 

One of the earliest observed co-morbidities in infants with a unilateral cleft lip and/or 

palate (UCL/P) or bilateral cleft lip and/or palate (BCL/P) is a low birth weight and delayed 

weight gain. 1, 2, 3, 4, 5, 6, 7 Nyarko et al concluded infants born with a CL/P have twice the risk for 

low birth weight compared to non-cleft infants. 8  In normal non-cleft infants, sucking is 

achieved though negative intraoral pressure accomplished by sealing the lips and velopharynx 

and expanding the intraoral cavity, either with contraction of the tongue or movement of the 

mandible, whereas infants with CL/P are unable to seal their lips and therefore cannot provide 

the necessary negative intraoral pressure needed to suck milk into the oral cavity. 9, 10, 11, 1, 12, 13, 

4, 5 The loss of negative pressure is due to air exchange between the nasal and oral cavities 

resulting in prolonged feeding times, nasal regurgitation, increased risk of choking and 

aspiration, and an infant that fatigues before a full feeding due to increased effort and energy 

expenditure resulting in delayed weight gain. 5, 4, 13, 1, 11 10, 7, 14 

The introduction of presurgical infant orthopedics (PSIO) was thought initially to 

counteract the delayed weight gain by facilitating feeding. 15 These postulations have since 

been refuted. Both Prahl et al. and Masarei et al. concluded both passive and active appliances 

had no effect on feeding or consequent nutritional status in patients with UCLP. 15 One PSIO in 

particular, the nasoalveolar molding device (NAM), was introduced with the sole purpose of 

improving the esthetic outcome of the cheiloplasty and palatoplasty by reducing the initial cleft 

deformity. Opponents of the NAM state that the treatment is expensive and may have an 

adverse effect on maxillary growth. 15 Because the NAM appliance is being increasingly used 
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clinically, it is important to determine that the approach poses no burden on weight gain in cleft 

infants.  

The primary objectives of NAM are to restore symmetry to the nasal cartilages, achieve 

projection of the nasal tip, non-surgical elongation of the columella, align the alveolar ridges 

and reduce the intersegmental distance. 16 The reduced intersegmental distance allows for an 

improved esthetic and surgical prognosis that may be less likely to require secondary revisions. 

Grayson, Grayson-Garfinkle With regard to impact on feeding, the Dutchcleft study examined the 

efficacy of alveolar molding, which unlike the NAM device lacks the nasal stent, in achieving 

weight gain. The study which found no positive effect concluded that “infant orthopedics with 

the aim of improving feeding and consequent nutritional status in infants with unilateral cleft 

lip and palate can be abandoned”.17 To date there is no study evaluating the impact of NAM 

(with a nasal stent) on infant weight change.  

At the Doernbecher Craniofacial Clinic, on average, the NAM appliance is delivered at 4 

weeks, and adjusted weekly until the infant reaches 5 months of age. Once the subject has 

reached 4-5 months of age, primary cheiloplasty surgery is performed, followed by palatoplasty 

at 12 months of age. This study examines the infant weight gain from birth to 9 months to 

evaluate any changes observed while the NAM appliance was in place, from primary lip surgery, 

and from birth to 6.3 years to evaluate for any long term differences in weight gain. The null 

hypothesis will be tested, that the presence of the NAM device does not affect weight gain 

when compared to cleft infants that did not receive NAM therapy. 
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MATERIALS AND METHODS 

This research was performed with the approval of the Institutional Review Board (IRB) 

of Oregon Health & Science University (OHSU). Records of infants with CL/P were collected 

from the Doernbecher Children’s Hospital (DCH) Craniofacial Clinic database in Portland, 

Oregon. Records from control subjects were collected from the Pediatric Medicine Clinic at 

OHSU DCH. For the data collected, subjects were de-identified and given anonymous 

identification numbers. Patient consents were obtained at the first visit, and patients were 

given the option to opt out of any research.  

Sample size was based on a power calculation using the average initial weight difference 

between C and –NAM of 0.20 kg, with a standard deviation of 0.3. In order to achieve an α level 

of 0.5, and a power of 0.8, each group required at least 38 subjects. Inclusion criteria were 

comprised of non-syndromic infants with an isolated cleft palate, isolated cleft lip, or cleft lip 

and palate that exclusively fed orally. All +NAM subjects completed NAM therapy, while all        

–NAM patients did not initiate therapy. Exclusion criteria eliminated patients that 

demonstrated syndromic cleft lip and/or palate (e.g., Robin Sequence), infants receiving food 

through a G (gastrointestinal) tube, incomplete anthropomorphic weight measurements, and 

subjects who initiated NAM therapy but did not complete treatment. Subjects were selected 

consecutively between 2008 and 2014 until 40 +NAM, 40 -NAM, and 40 C subjects were 

selected.   

The +NAM and -NAM subjects were further divided into complete cleft lip and palatal 

involvement (CL/P), cleft lip (CL), or cleft palate (CP). All +NAM subjects were treated by a single 

provider (JG) at the craniofacial clinic at DCH. For subjects with a cleft, periodic weight 
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measurements (Scale-Tronix Pediatric Scale 4800 Welch Alynn, Skaneateles Falls, NY) were 

made in kilograms and age was recorded in days at each appointment with the craniofacial 

team. All C patients received weight measurements at each periodic pediatric checkup 

appointment (Scale-Tronix 4800). A minimum of 5 data collection measurements were reported 

for each patient, although due to missed appointments or scheduling challenges, there was 

variability in the number of observations for the length of the data collection period. If multiple 

weights were documented on the same day, the first weight measurement was used in this 

study.   

 Weight data was compared among the three groups. Statistical analysis was completed 

with the SAS 9.3 software (SAS Institute Inc., Cary, NC).  All data with a power P<0.05 were 

considered as statistically significant. The statistical test performed was a generalized linear 

regression (GLM) with repeated measurements, as all subjects had longitudinal data with 

multiple measurements at different time points. A Post-hoc pairwise comparison was used with 

a Tukey adjustment. 

 

RESULTS 

Three of the 120 subjects were removed from the study, two –NAM subjects and one 

+NAM subject, as following data collection, it was determined that they received supplemental 

feeding through a G tube. All +NAM subjects were diagnosed with cleft lip and palate.   All –

NAM subjects were diagnosed with cleft lip and palate except for 4 who were diagnosed with 

isolated cleft palate, and one subject diagnosed with isolated cleft lip (the 5 were included in 
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the study). Age ranged from day 1 to day 3037, where the average data collection widow was 

1502 days or 4 years for all 3 subject groups.  

Weight measurements for the 3 groups (1,983 measurements) are plotted in Figure I 

where a line of best fit was applied to each group. When using weight as an outcome, the C 

group demonstrated a statistically significant greater weight gain than the –NAM group (p = 

0.0185; Table I).  The +NAM group fell between the C and –NAM groups regarding weight gain 

where no statistical differences were found between the C and +NAM, and the +NAM and –

NAM groups.  

When age was compared to percent weight gain (Table II), group C had significantly less 

weight gain than the +NAM and –NAM groups (p = 0.0001 and p = 0.0041 respectively). There 

was no statistically significant difference in infant weight gain or percentage of weight gain 

between the +NAM and –NAM groups.  

 

DISCUSSION 

This study examined weight gain between two cleft populations from birth to 6.3 years, 

evaluating the NAM device as an intervention. While there are multiple clinical and esthetic 

benefits of NAM use reported in the literature, it is important to rule out that NAM could have 

a negative impact on weight gain. Pre-operative weight gain is important as surgeons use a Rule 

of Tens to evaluate if an infant is healthy enough for primary cheiloplasty. 18 The Rule of Tens 

requires an infant to be 10 lb in weight, have 10 mg/dL hemoglobin count, and is at least 10 

weeks of age. 18 For this reason it is crucial to determine that the introduction of the NAM plate 

does not hinder weight gain in infants.  
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Our finding of no statistical difference in weight between –NAM and +NAM groups 

confirms that the presence of the NAM plate does not hinder weight gain, although both 

groups showed lower weight than that of control infants. These outcomes are similar to the 

majority of investigations on growth of children with clefts where deficiencies in weight and 

height are found, especially during the first year of life before primary palatoplasty has 

occurred at 12 months. 19 From infancy to 2 years, delayed weight gain can be attributed to 

environmental factors such as difficulty feeding and recurrent infectious diseases. 19 After the 

first 2 years of life, poor weight gain is usually due to biologic factors such as reduced growth 

hormone production. 19 When comparing weight to age from birth to 6.3 years, we found the –

NAM group had less increase in weight compared to the C group, confirming that infants with a 

CL/P start with a lower birthweight and continue to weigh less than unaffected infants. These 

findings are consistent with Kay et al. who report that throughout the first 2 years of life, there 

was an overall trend toward lower average weights for infants with clefts compared to 

unaffected infants. 13  

When using the percentage of weight gain as an outcome from birth to 6 years, we 

found a significant increase in weight percentage in the +NAM and -NAM groups relative to the 

C group. This finding confirms the cleft subjects are experiencing an increased rate of weight 

gain, or “rebound”. There was no statistical difference between +NAM and -NAM in percentage 

of weight gain, confirming that intervention with the NAM appliance does not affect the weight 

gain rebound. Miranda et al. report similar results where growth impairment was found in 

children who had cleft palate with or without cleft lip but only in early infancy. 1 After the age of 

5 months, the cleft children presented with catch-up growth. 1.  
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Because the NAM device is present for an average of 5 months, we evaluating a 9 

month treatment window both for overall weight and the percentage of weight gain. Our 

results showed that during this window, the control group gained more weight than the +NAM 

and –NAM groups, and there was no difference between +NAM and -NAM weight gain. Further 

examination of percentage of weight gain indicates that the infants with a cleft demonstrated 

increased rebound over the control infants. In other words, this confirms that infants with a 

cleft demonstrated greater weight rebound than did the control population, both in the birth to 

9 months and birth to 6.3 year treatment windows. This finding is consistent with the literature 

that feeding challenges cause problems with weight gain resulting in a slower growth for the 

infant with a cleft (when compared to C) until the lip and palate is surgically closed. 18 

All of the above comparisons demonstrate there is no statistically significant difference 

between the +NAM group and -NAM groups. This finding suggests there is neither a benefit nor 

a disadvantage to NAM use in regard to weight gain, confirming the null hypothesis that the use 

of NAM does not impact weight gain.  The data from this study corroborate findings from prior 

literature showing that infants with a cleft experience a weight rebound when compared to 

control infants.  

This study draws similar conclusions made by Cunningham et al. that infants with CL/P 

displayed an intrinsic growth pattern that was below the mean for the general population. 21 

Authors Lee and Zarate report a weight gain rebound after palatoplasty, which is consistent 

with the findings in this present study. Lee et al. report that despite significant growth faltering 

for CL/P infants, rapid recovery takes place following surgical repair and appears to have 

resulted in no residual growth deficit. 6 Zarate et al. agree that despite the initial lag in weight 
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gain there typically is an eventual recovery of the weight gain between 6 months and 3 years. 12 

A third study by Miranda et al. document that children with CL/P had median BMI growth 

curves below the growth curves for typical children but showed spontaneous recovery starting 

at 5 months. 1   Weight recovery was statistically significant in the cleft groups when compared 

to the control groups in this study, both for the 9 month and 6 year treatment window.  

The present study confirms that from birth to 9 months, there is a notable decrease in 

weight gain observed in the cleft population when compared to unaffected infants, and that 

the cleft population demonstrate an increase in percentage of weight gain. Other authors 

quote the weight gain was significantly limited in the first 2 months of life, and by 3 months of 

age patients began to catch up to unaffected infants. The patients generally stayed below 

normal until 6 months of age. 2  

There are limitations with the current study. As a retrospective study, there was no 

control over additional factors that can contribute to weight gain. Examples of such factors 

include  the source of milk (breast or formula), composition of formula (if formula fed), type of 

feeding method, when introduction to solid foods occurred, access to lactation consultants, 

socioeconomic status, medications such as antacids, and any additional health complications 

the infant may have faced during growth such as ear infections. While it is presumed that 

surgical repair occurred for each cleft patient, that information was not recorded for this study. 

A total of 3 –NAM infants were diagnosed with CP only and therefore did not receive 

cheiloplasty surgery. One –NAM subject had CL only, and did not receive palatoplasty. 

Moreover, the +NAM and –NAM subjects may have had varied exposure to supportive care 

from the craniofacial team. Furthermore, there was no way to assess compliance in each NAM 
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patient to ensure 24 hours use.  Lastly, while JG was the sole practitioner for each +NAM and     

-NAM patient, the C population was under the care of multiple pediatricians.  

 

CONCLUSIONS 

There was no statistically significant difference in the weight gain observed between the 

+NAM group and -NAM groups, confirming that presence of the NAM appliance does not affect 

weight gain. Additionally, infants in both groups demonstrated a similar pattern of weight 

rebound when compared to control infants as described in prior literature. Therefore when 

NAM is indicated for clinical or esthetic correction of the pre-surgical cleft deformity, 

practitioners and caretakers can feel comfortable that NAM will not affect infant weight gain.   
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Figure Legends: 

Figure I: Weight (kg) vs Age (days) for all treatment groups  

Figure II: Weight (kg) vs Age (days) for the –NAM group individual measurements 

Figure III: Weight (kg) vs Age (days) for the –NAM group individual measurements with a 

line of best fit 

Figure IV: Weight (kg) vs Age (days) for the C group individual measurements 

Figure V: Weight (kg) vs Age (days) for the C group individual measurements with a line 

of best fit 

Figure VI: Weight (kg) vs Age (days) for the +NAM group individual measurements 

Figure VII: Weight (kg) vs Age (days) for the +NAM group individual measurements with 

a line of best fit 

Figure VIII: Line of best fit for C, -NAM, and +NAM groups 

Figure IX: Percent change from initial weight measurement (kg) compared to age (days) 

for C, -NAM, and +NAM groups 

  



26 

 

Table I: Weight vs Age comparison for all three treatment groups birth to 6.3 years 

Comparison Difference Standard 

Error 

DF t Value Adj P 

value 

C vs +NAM 0.3768 0.2477 113 1.52 0.2831 

C vs -NAM 0.6856 0.2506 116 2.74 0.0185* 

+NAM vs -

NAM 

0.3088 0.2457 112 1.26 0.4212 

*Statistically significant  

  



27 

 

 

Table II: Percentage of weight gain vs age for all three treatment groups from birth to 6.3 

years 

Comparison Difference Standard 

Error 

DF t Value Adj P 

value 

C vs +NAM -0.5121 0.1017 107 -5.04 <.0001* 

C vs -NAM -0.3303 0.1024 110 -3.23 0.0041* 

+NAM vs -

NAM 

0.1817 0.101 106 1.8 0.1722 

*Statistically significant 
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Table III: Weight vs Age from Birth to 9 months 

 

Comparison Difference Standard 

Error 

DF t Value Adj P 

value 

C vs +NAM 0.5483 0.147 114 3.73 0.0009* 

C vs -NAM 0.5716 0.1479 116 3.87 0.0005* 

+NAM vs -

NAM 

0.02333 0.1484 117 0.16 0.9865 

*Statistically significant 
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Table IV: Percent of weight gain vs age from birth to 9 months 

Comparison Difference Standard 

Error 

DF t Value Adj P 

value 

C vs +NAM -0.1877 0.04307 104 -4.36 <.0001* 

C vs -NAM -0.1281 0.04327 105 -2.96 0.0101* 

+NAM vs -

NAM 

0.05967 0.04337 106 1.38 0.3564 

*Statistically significant  

  



30 

 

 

Figure I: Weight as Outcome for all 3 groups 
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Figure II: -NAM Scatter Plot 
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Figure III: C Scatter Plot 

 

  



33 

 

 

Figure IV: +NAM Scatter Plot 
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Figure V: Percent change from first measurement as outcome for all 3 treatment 

groups
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Figure VI: Weight vs Age from 0-9 Months 
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Figure VII: Weight vs Age Line of Best fit 0-9 Months 
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Figure VIII: Percent of Weight vs Age 0-9 months 
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Figure IX: Percent of Weight gain vs Age 0-9 Months 
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LITERATURE REVIEW 
 

Etiology, Incidence, and Diagnosis of Cleft lip and Palate 

It is well documented that cleft lip and palate is the most common congenital 

anomaly affecting the face. The incidence of cleft lip, cleft palate, or both varies by 

gender, race, nationality, and the type of deformity. According to Cunningham et al 

incidence of CL/P among black patients is approximately 1:2500, in Caucasian patients 

1:1000, and in Japanese patients 1:500 live births. 21 Clefting is currently known to occur 

in more than 250 syndromes. 21 Clefts can be present on one side (UCL/P), or both sides 

(BCL/P). The cleft can involve any one, or a combination of the lip, palate, soft palate 

and uvula. Some clefts are complete, where the oral cavity is in open communication 

with the nasal cavity or incomplete, where there is only a partial communication 

between the two cavities.  

While variable, the unilateral cleft lip and/or palate (UCL/P) deformity is usually 

characterized by asymmetry and a wide nostril base and separated lip segments. The 

affected nasal cartilage is displaced laterally and inferiorly, which results in a depressed 

nasal dome. The asymmetric nostrils, deviated septum and distorted maxillary arch 

prove to be the primary reconstructive challenges. 16 The bilateral cleft presents with a 

rotated premaxilla anteriorly. The width of the alar base from nostril to nostril, and 

therefore the lip segments, are markedly wider. The nasal tip is usually flat and attached 

to the displaced prolabium, with a deficient or completely absent columella. 27. The 

deficient columella and ectopic premaxilla are the predominant challenges faced in 

bilateral cleft lip and palate correction. 16 
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Co-morbidities associated with clefting  

Children and adults affected with a UCL/P or BCL/P may experience a wide range 

of associated co-morbidities. In addition to physical presentation of the cleft noted 

above, the psychosocial implications become apparent as children feel dissatisfied with 

their facial appearance and speech.8 As the child grows into adulthood, the presence of 

CL/P is associated with reduced level of education, lower marriage rates, poorer 

economic performance, increased inpatient mental-health admissions, and higher 

mortality and suicide rates. 8As a result, The American Cleft Palate Association Team 

Standards for cleft management should at a minimum include the involvement of 

surgeons, speech pathologists, and orthodontists to address the physical aspects, while 

access to other specialists, like social work, audiology, and genetics are also required 

standards. 13 

One of the earliest observed co-morbidities is a low birth weight and 

concomitant delayed weight gain. 1, 2, 3, 4, 5, 6. 7 Nyarko et al in the Journal of Pediatrics 

concluded infants born with a CL/P have twice the risk for low birth weight compared to 

non-cleft infants. On average, infants with a cleft are 100-600 grams lighter at birth, 

experience increased feeding problems and ear infections, require more surgical 

interventions, and increased hospitalizations when compared to non-cleft infants. 

 

Feeding difficulties associated with clefts 
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Ineffective sucking, swallowing, and delayed weight gain are common co-

morbidities resulting from the CL/P.1, 2, 3, 4, 5, 6. 7 As many as 63% of infants born with non-

syndromic unrepaired CL/P experience feeding difficulties, preventing the necessary 

negative intraoral pressure to draw milk into the oral cavity. 10 Studies have confirmed a 

cause and effect relationship between this feeding problem and poor weight gain in the 

first 2 years of life and illustrated a trend toward lower average weights for infants with 

CL/P compared to the non-cleft infants. 39, 1, 2,17, 3, 22, 7 Rudman noted a correlation 

between the presence of CL/P and a decrease in height in infants with CL/P. 38, 21 In 

some cases, severe feeding and swallowing issues have the potential to result in 

nutritional and/or respiratory compromise, as well as to create significant stress for 

families and caretakers. 11, 1, 13, 14, 7 Studies from Scotland, report as many as 29% of 

infants with CL/P demonstrated poor weight gain that required a naso-gastric tube 

(NGT) to assist in feeding while in the hospital or shortly after discharge to maintain 

sufficient nutrition. 23 Additionally Felix-Shollaart et al. agreed that feeding difficulties 

and intestinal disorders, in addition to airway infections, had a negative influence on 

growth, measured by weight and height. 25 

In the normal non-cleft infant feeding pattern, sucking is achieved though the 

combined tasks of generating negative intraoral pressure and making effective intraoral 

muscular movements. Negative intraoral pressure is accomplished by sealing the lips 

and velopharynx and expanding the intraoral cavity, either with contraction of the 

tongue or movement of the mandible. Infants with CL/P are unable to seal their lips or 
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the velopharynx and therefore cannot provide the necessary negative intraoral pressure 

needed suck milk into the oral cavity. 9, 10, 11,1, 12,13, 4, 5  

The loss of negative pressure is due to air exchange between the nasal and oral 

cavities. This often results in prolonged feeding times, nasal regurgitation, increased risk 

of choking and aspiration, and an infant that fatigues before a full feeding due to 

increased effort and energy expenditure. This inadequate nutritional intake during a 

critical growth period can result in growth failure, impaired immune function, decreased 

major organ function, and delayed surgical healing and changes in behavior. 5 Many 

studies report that the Habermann nipple feeder (also termed the Medela Special 

Needs Feeder) or the Pigeon Nipple, provides a specialized anti-chamber that helps the 

infant draw the milk into the posterior of the oral cavity for sucking and swallowing. 13 

Additional resources include a squeezable plastic feeding container equipped with a 

long narrow nipple that permits formula to be squeezed into the pharynx without 

sucking. 5 Lastly, a caretaker can squeeze milk into the oral cavity if an adequate feeder 

cannot be identified.  

 

Prior literature on surgical correction 

The prognosis for correction of the physical deformities depends on the severity 

of the cleft, access to multidisciplinary care, finances, and family compliance. Historically 

early lip repair surgery without orthopedic alveolar intervention lead to a poorer 

surgical prognosis. Currently, the treatment protocol at several cleft centers around the 

world involves primary lip repair at 3-4 months of age, which may or may not be 
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followed with alveolar alignment or alveolar bone grafting. 41  C Kerr McNeil, in 1995, 

pioneered a study examining orthodontic procedures associated with surgical correction 

of CL/P. McNeil concluded that following surgical closure of the lip cleft, the resultant 

pressure of the soft tissues of the upper lip upon the malformed maxilla may produce 

unfavorable lateral collapse of the arch, this collapse can be exacerbated by tension on 

the palatal tissues from surgical closure. 35 Since this study, it is well established in the 

literature that surgical repair alone cannot solve the multiple deformities that arise from 

clefts of the lip and palate. 42, 41, 30 

Pre-surgical management of the cleft was first documented by McNeil in 1954 

and later modified by Burstone in 1958.20 Since 1950, many early goals of pre-surgical 

orthopedics were to facilitate proper infant feeding, maintain the appropriate position 

of the palatal shelves and induce narrowing of the cleft width, which in turn would 

improve the prognosis of the surgical repair. 41, 30, 20 Since then these goals have not 

been confirmed controversy still exists as to the unrealistic claims of the early 

proponents. 41 Many outdated early orthopedic devices utilized head straps, 

orthodontic elastics, surgical tape and a series of wires to re-approximate the lip and 

palate, but did not address the deficient columella or depressed nasal cartilages. 41  

 

History of the NAM appliance 

In an effort to address the deficient columella and concave nasal cartilages, in 

1993, Dr. Grayson introduced the technique of Nasoalveolar Molding (NAM). Unlike 

prior presurgical infant orthopedic techniques, NAM was the first to directly address the 



44 

 

nasal deformity. The NAM appliance consists of a removable acrylic alveolar plate with 

an acrylic bulb at the end of a 0.036 inch stainless steel wire that extends from the plate 

into the nostril. 16, 41  Matsuo tested the efficacy of molding nostril cartilage in very 

young infants. 27 Mustuo recognized that cartilage in the newborn was soft and lacked 

elasticity. 27 He postulated the elevated levels of maternal estrogen and hyaluronic acid 

observed shortly after birth in the infant could act to inhibit cartilage intercellular matrix 

crosslink formation. These increased levels are thought to facilitate the relaxation of 

ligaments as the fetus passes through the birth canal. However, these levels are short-

lived and begin to decline to normal 6 weeks after birth. According to Matsuo, birth to 6 

weeks is therefore the optimal window to perform NAM therapy, as the nasal cartilage 

is still capable of plastic deformation. 27 While the optimal time for initiation and 

termination of NAM therapy has been much discussed, Shetty et al concluded that 

subjects who received the NAM device within the first month of life displayed the 

greatest improvement in intersegment distance, nasal height, nasal dome height and 

columella height when compared to control subjects. 41 

 

Objectives of NAM therapy 

Grayson outlines that the principal objective of NAM therapy is to reduce the 

severity of the initial cleft deformity. This enables the surgeon to benefit from the repair 

of an infant that presents with a minimal cleft deformity at the time of surgery. 

Additional objectives of NAM therapy include restoring symmetry to severely deformed 

nasal cartilages, achieve projection of the flattened nasal tip, nonsurgical elongation of 
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the columella, alignment of the alveolar ridges and reduction the overall distance 

between the lip segments. 16. In prior studies, the average decrease in the alveolar 

intersegment distance has been reported to be 8.4 to 12.1mm. 42, 41 Surgical tapes 

actively bring the lip segments together in conjunction with the molding plate. Taping 

the lips together helps to upright the inclined columella along the mid-sagittal plane. In 

addition to columella retraction, the stent can help to correct the depressed concave 

nostril shape. As reduction of the alveolar gap width is accomplished, the base of the 

nose and lip segments align. 27 The alar rim, which was initially stretched over a wide 

alveolar cleft deformity, shows laxity and elevates the cartilage into a symmetrical and 

convex form.27 The nasal tip on the cleft side is over-corrected in its forward projection, 

which is accomplished via the nasal stent, the molding plate and surgical taping.27 In the 

infant with bilateral clefts of the lip alveolus and palate, the objective of presurgical 

NAM therapy includes the nonsurgical elongation of the columella, centering the 

premaxilla to achieve continuity with the posterior alveolar cleft segments. 27 

The timing of CL/P corrective surgery is important as the cleft team must be 

careful not to hinder hard or soft tissue growth when possible. Hotz claims pre-surgical 

orthopedics is critical in order to meet functional requirements while surgical 

intervention is postponed to allow the maxillary segments to grow to their full potential. 

From a 10 year Zurich growth study, Hotz states the single stage palatal closure (also 

referred to as the “Combined French-German technique”) involved lip closure at age 3 

to 6 months and palatal closure at age 2 to 2 ½ with mucoperiosteal flaps. At the 8-year 

mark, most patients with single stage palatal closure at age already displayed a strong 
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tendency towards maxillary retrognathism, whereas the group with delayed closure of 

the hard palate cleft, the viscerocranium was well proportioned. 30, 20 Additionally, 

preoperative orthopedics with a delayed surgery allows time to remove the action of 

the tongue from the cleft area, thereby freeing the palatal shelves and removing any 

potential constraint on the cleft, perhaps closing additional space prior to surgical 

correction. 20, 32, 30  The delay of surgery helps minimize the palatal scar tissue and results 

in a higher overall palatal vault. 30 Additionally, avoiding radical primary surgery can 

prevent the maxillary growth restrictions seen a result of extensive scar tissue. 20 For 

optimal nasal alar correction, the surgery should be delayed as long as possible to 

prevent scar tissue around the alar cartilage.  34 As mentioned earlier, the anatomical 

defects suffered by children with CL/P are known to cause early difficulties with weight 

gain. However Lee et al confirm that while cleft palate was associated with significant 

growth faltering in early infancy, rapid recovery took place following surgical repair and 

resulted in no residual growth deficiency. 6 

 

Conclusions from the literature 

Not all authors agree that pre-operative orthopedics influence weight gain.  The 

Dutchcleft study examined the efficacy of alveolar molding appliances (which unlike the 

NAM device was lacking the nasal stent) in weight gain. The study concluded that 

“infant orthopedics with the aim of improving feeding and consequent nutritional stats 

in infants with unilateral cleft lip and palate can be abandoned”.17 The author concludes 

that the presence of the orthopedic plate made no difference in the ability of infants 
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with a cleft to generate the necessary negative pressure in the mouth. 17The average 

weight-for-age and weight-for-length measurements were not statistically different 

between the treatment group and the control group. However, overall the infants with 

cleft lip and palate demonstrated significantly lower weight-for-age during the first 14 

months when fed with a passive maxillary plate, which coincides with prior literature. 17 

To date, there is not a study comparing NAM therapy and infant weight gain.  
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Appendix A: Recommendations for future research 

 There are many factors that can influence weight gain in a growing infant.  This 

study attempted to control as many factors as possible within a respective study, 

however there are many factors that could be evaluated. It would be ideal to identify if 

the UCL/P children had different weight gain pattern than the BCL/P children. In 

addition, there may be variations in weight gain between males and females (which is 

reflected in the literature).   

 While it is impossible to evaluate if socioeconomic status had an effect on weight 

gain, it would be valuable to track the frequency of each patients appointments and 

access to care, such as access to lactation consultants and ENT for ear infection 

management. All of these factors can affect weight gain and would add to the body of 

literature on NAM therapy.  


